One hundred and fifteen final year medical students of the University of New South Wales (UNSW) who were gathered together for mid-year lectures were asked to respond to a questionnaire which sought their perceptions of their knowledge of and competence in those skills required to prevent loss of life of patients with acute reversible lifethreatening illnesses.
Critical care embraces the knowledge, skills, attitudes and problem-solving abilities required for the recognition and early management of patients with illnesses which pose an acute threat to life. Rather than taking a limited view that these attributes pertain to the specialty/subspecialty of intensive care only, we define critical care as a body of knowledge, skills, etc which involve resuscitation and elements of emergency medicine, intensive care medicine, anaesthetics, trauma management, and some types of acute medical and surgical care. An important contemporary issue is the need for new approaches in the undergraduate medical curriculum with the provision of learning experiences which underpin care of the critically ill patient 1 , so that students emerge as new graduates with the knowledge and procedural skills to cope with the early management of life-threatening illness.
There has been a rapid expansion of knowledge in critical care 2,3 but limited transference of the advances to medical undergraduates 4, 5 in some medical schools. There has been some acknowledgement of this deficiency. The General Medical Council of the United Kingdom has recommended that medical students be instructed in basic and advanced resuscitation 6 and the Advanced Trauma Life Support (ATLS) Course has been incorporated into the curricula of some Canadian medical schools 7 . Otherwise, there is very little in the literature to suggest a consistent approach to the teaching of critical care to undergraduates 8, 9 . In one of the few studies 5 , critical care specialists concluded that most students graduate unable to initiate lifesaving interventions. In Australia, Taylor 10 concluded that undergraduate training in procedural skills was inadequate.
This study reports a survey of the perceptions of a year (Year 6) of medical undergraduates in the University of New South Wales (UNSW) of their proficiency in critical care and describes initiatives to develop an explicit vertical and horizontal curriculum in critical care which could be implemented in an established undergraduate curriculum. The studies were undertaken by a Critical Care Working Party (CCWP) which was set up in 1993 to evaluate and improve the learning experiences in acute medicine of medical undergraduates of the UNSW. The working party consisted of representatives from Basic Sciences (Physiology and Pharmacology), Anaesthesia, Emergency Medicine, Intensive Care (adult and paediatric), Medicine and Surgery. This report also includes a summary of the responses to a question in 1994/95 included in a separate questionnaire, which was part of a study on a cohort of interns and resident medical officers (RMOs) conducted by the School of Medical Education, UNSW. CCWP adopted the following Mission Statement: "No medical student should graduate without the ability to prevent the loss of life of a patient with acute reversible life-threatening illness."
METHOD (i) Survey of Final Year Medical Undergraduates
After a pilot study in 1993, final year students were surveyed in June 1994 during a mid-year block of lectures. They were asked to complete voluntarily and anonymously a questionnaire on their experience of critical care and their perceptions of their knowledge and skills in the management of critical conditions.
(ii) Survey of Interns and RMOs
In 1995, the School of Medical Education, UNSW conducted a comparative study of the University's abandoned five-year undergraduate curriculum (1993 survey) and the six-year curriculum (1994/5 survey) which replaced it, to determine the extent to which the competencies expected of a medical graduate were perceived by first year RMO/intern medical officers to be met by their undergraduate training. At the request of the CCWP, a question on critical care was included in the 1994/95 questionnaire. The question sought the perception of responders of their confidence at the beginning of their intern year, in undertaking the management of critically ill patients.
RESULTS (i) Final Year Medical Undergraduates
One hundred and one of 115 students responded (88% response rate). Whilst over 90% felt competent in basic life support (Table 1) , only 24% felt that they would be able to perform external defibrillation.
A high proportion of students lacked "hands on" experience of, or had not witnessed many critical care ( Table 2) 
procedures, including quite simple interventions.
A similar result was found for monitoring ( The responders lacked confidence in their potential to manage most acute clinical conditions (Table 4 ) especially in children.
A higher percentage felt that they would feel confident in the face of "classical" acute medical/surgical problems (e.g. chest pain) than problems which are common in modern critical care (e.g. acute hypoxia, acid-base problems).
(ii) Response of Interns and RMOs
More than 20% of responders were not confident of undertaking 15 of the 19 tasks listed (Table 5) including such life-saving tasks as reversal of acute hyperkalaemia, management of life-threatening hypertension, performance of external defibrillation, assessment of the patient in shock, performance of advanced life support and resuscitation of the patient with severe trauma.
DISCUSSION
Whilst the results of our survey of medical students are applicable only to the University of New South Wales (at the time the survey was conducted), responders in the intern/RMO survey came from many universities.
Our survey showed that many medical students do not feel proficient in the practical and problem solving skills of critical care. This lack of confidence can persist into the intern year. Their perception is of some concern. Only half felt that they could defibrillate despite evidence that early defibrillation is the single most important manoeuvre determining outcome after sudden cardiac arrest 11 . In the potentially life-saving skills of airway management, only about half had experience with endotracheal intubation.
Our findings that students and recent graduates lack confidence or knowledge in practical skills supports the findings of others 5,10,12-19 despite evidence that it is possible for students to learn skills associated with critical care before graduation 20 .
Students were not familiar with commonly used monitoring such as continuous blood pressure monitoring, central venous pressure monitoring and capnography. Whilst such monitoring can be learnt 55 
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Anaesthesia and Intensive Care, Vol. 27, No. 1, February 1999 during internship, the interventions present ideal opportunities for students to integrate basic physiological principles learnt in the preclinical years with the clinical application of concepts such as optimal haemodynamic performance, organ blood flow and oxygen delivery. Although feelings of lack of clinical competence do not necessarily lead to an individual's inability to perform in practice, it is a worrying possibility. Two pieces of evidence suggest that deficiencies might exist. 1. The undergraduates did not feel uniformly inadequate across all skills. 2. If basic and advanced life support can be taken as markers of critical care skills, there is evidence that many medical graduates lack sufficient knowledge and have inadequate practical skills in these elements of resuscitation [21] [22] [23] [24] [25] [26] [27] . The issue of the skills of junior medical staff working with critically ill patients is not just a matter for academic debate. A study of over 14,000 admissions to 28 hospitals in New South Wales and South Australia estimated that 16.6% experienced an "adverse event", and of these, 4.9% died 28 . The authors suggested that extrapolation of the findings to all acute hospitals in Australia in 1992 would indicate that 50,000 patients would have suffered permanent disability and 18,000 would have died. It is not possible to tell from the data how many of the patients fell into a critical illness category nor how many of the adverse events resulted from the omission of critical care skills or the commission of poorly or incorrectly performed skills. However, lack of adequate general training was implicated as a major cause of the high levels of preventable events. Problems with opportunities to practice and perceived lack of competence in skills such as defibrillation, ventilation of the lungs and endotracheal intubation were found in a 1992 survey of RMOs in New South Wales 29 . Other authors have also expressed concern or described strategies to overcome perceived problems in the learning of critical care or its specialty oriented components [30] [31] [32] [33] .
STRATEGIES
CCWP made a set of recommendations to the Curriculum Committee, UNSW with a focus on critical care (especially emergency) core skills and knowledge 6, 10, 31, 43 rather than specialty oriented learning experiences only, e.g. discontinuous blocks of anaesthetics, intensive care or emergency medicine 12, 31, [35] [36] [37] , although the issue of a general rather than a specialty oriented approach remains contro-versial 38, 39 . The recommendations were accepted and implementation began in 1996.
Development of a Curriculum in Critical Care
A curriculum was developed which consisted of: • a set of goals, learning objectives and critical care topics; • a guide to clinical areas which might provide useful learning experiences; • a list of skills which students should have performed and/or witnessed by graduation.
2. Introduction of a compulsory critical care term (Emergency medicine, intensive care and anaesthetics) into the Year 6 Program.
Integration of the Teaching of Critical Care Preclinical Sciences
Negotiations were begun to provide an input of critical care specialists to defined sessions in anatomy, pharmacology and physiology.
Medical Ethics and Health Law
A critical care specialist became involved in the preparation or presentation of topics of ethical dilemmas.
Formal large group sessions in final year
Strategies were developed for the inclusion of critical care specialists in formal sessions dealing with acute medical problems.
Paediatrics, Obstetrics, Neonatology Terms
Plans were developed to assist students to apply knowledge of critical care to acute emergencies in these areas.
Assessments of the Students
Assessment of students was introduced. i) At the completion of the critical care term, students were assessed in: • basic life support; • external defibrillation; • advanced life support; • interpretation of ECGs, X-rays, CT scans, etc representative of those associated with lifethreatening problems; • essential knowledge (predetermined scenarios) in a viva voce. In other centres, many of the practical skills have been assessed in an objective structured clinical examination (OSCE) [40] [41] [42] .
ii) By log book
By the end of undergraduate course, students must have completed a log book of practical skills including critical care skills.
iii) By multiple choice questions
Questions on acute care were included in the papers at the Final Examination.
CONCLUSION
A curriculum in critical care has been designed to fit into an existing undergraduate curriculum in the UNSW. This was justified by a student questionnaire, and a recent graduate questionnaire revealing concerning gaps in critical care knowledge. Evaluation of this critical care curriculum is to be undertaken in 1999.
